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Introduction
The physical activity level of older adults reflects their
health and functional status [1]. Evidence has gradually
accumulated to support the hypothesis that physically
active individuals experience lower mortality from chronic
degenerative diseases than those who are more seden-
tary [2]. People who are habitually more physically active
tend to be fitter and have a lower risk of various diseases
and health conditions, such as cardiovascular disease,
hypertension, type 2 diabetes and obesity, compared with
their less active counterparts [3].
Detecting a critically low physical activity level in the
elderly can alert both health care professionals and the
elderly themselves. While physical activity is very im-
portant, health care professionals are challenged by the
difficulty of accurately assessing physical activity level.
Researchers have not yet come to a consensus on the
choice of measurement [1,4–6]. Although they can choose
from different questionnaires, heart rate monitors or
even direct observation, all have inherent problems [5].
Self-reporting questionnaires are commonly subject to
recall bias and inaccurate perception of one’s activity
behaviour [7]. Heart rate monitors have been widely
used to validate direct observation of physical activity or
questionnaires [6,7]. However, heart rate values not only
depend on physical activity, but are easily affected by
other factors such as emotional stress, thermal stress, and
body positioning [5,6].
Recently, more interest and effort have been directed
towards developing accelerometry as an objective tool
for assessing physical activity level. An accelerometer can
be attached to the trunk and/or limbs to measure the
accelerations of body parts. The theoretical basis under-
lying the use of this tool for assessing physical activity is
that acceleration is directly proportional to the muscular
forces applied, and so is related to energy expenditure
[7]. An accelerometer is a small unit that is unlikely to
hinder movement [6]. It can be equipped with a rela-
tively large memory capacity, allowing an investigator
to collect data over extended periods without detaching
the unit and downloading the data each day [6,7].
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Furthermore, an accelerometer is able to measure both
the quantity and intensity of movement [7]. Neverthe-
less, there has still been insufficient investigation of the
reliability and validity of accelerometry for measuring
the physical activity levels of an elderly population in
their daily life. Kochersberger’s group examined the
validity of accelerometry with the elderly by collecting
data on their activity level for a period of 6 hours [8].
However, 6 hours might not be adequate to reflect the
whole picture of an individual’s daily physical activity
level. A longer period of data collection, therefore, should
be compared with these results.
Moreover, it would be useful to extend these results
to groups with different lifestyles. Eating with chopsticks
by the Chinese, for example, involves lots of dominant
hand activity; many practice Tai Chi or qigong which in-
volves extensive limb movement [9]. Where the accel-
erometer is worn may, therefore, affect the validity of
measurements of physical activity level differently with
the elderly of different cultures.
This study examined the validity of using an Actiwatch
accelerometry system worn on the wrist to quantify 
the physical activity level of Chinese elderly subjects.
Test–retest reliability was investigated, along with the
sensitivity of the instrument in differentiating the phys-
ical activity levels of active and sedentary elderly, as well
as young university students. The measured results were
correlated with the results from a commonly used ques-
tionnaire, the Minnesota Leisure Time Physical Activity
Questionnaire (MLTPAQ) [10]. The objective was to
assess whether the accelerometry system was reliable
and valid enough to provide a scientific basis for its use
to measure the physical activity level of the elderly,
specifically Chinese subjects.
Methods
Subjects
Thirty-eight subjects were recruited for this study,
including 10 young university students and 28 elderly
subjects. The students’ mean age was 20.6 ± 1.4 years.
The elderly subjects, all aged over 60 (mean age, 78.3 ±
10.7 years), were recruited from three different old age
homes in Hong Kong. The study was approved by the
Ethics Committee of The Hong Kong Polytechnic Uni-
versity. A detailed explanation of the purpose and risks
of the study was given to the subjects before their par-
ticipation. Written informed consent was obtained from
all participants. All the subjects were alert, cooperative
and able to understand the procedures of the study and
the instructions given.
Instrumentation
The accelerometry system employed in this study was
the Actiwatch system (Mini Mitter Co., Inc., Bend, OR,
USA) [11], which is a small and light activity monitor. 
It utilizes an accelerometer to monitor motion in all
directions at a frequency of 32 Hz. The accelerometer
generates a voltage, which is digitally integrated over a
user-selected epoch. In a given second, these 32 values
are scanned to identify the highest value, which is ex-
pressed as number of activity counts. For the duration
of the epoch, the individual 1-second activity values 
are summed to create a single activity for the epoch.
The Actiwatch stores this information for subsequent
retrieval. For this study, a 1-minute epoch was used, as
this has commonly been adopted in previous studies
[2,12,13]. Communication with the Actiwatch is via an
Actiwatch reader, which was connected to a computer
for offline analysis.
The subjects were instructed to wear the accelerom-
eter on their dominant wrist for 3 whole consecutive
days (Figure 1). The dominant hand was defined as the
hand that the participant used to manipulate chopsticks.
The wrist was chosen, because it was convenient and
comfortable, and in the hope that motion there could
properly reflect the physical activities of elderly Chinese.
All subjects were encouraged to perform their daily
activities as usual and not to remove the accelerometer
while sleeping or bathing.
Prior to the study, the accelerometer was pre-
programmed using the Actiview software [11]. This in-
cluded entering the personal particulars of the subject,
the epoch length (1 minute in this study), and the start-
ing date and time. At the end of the 3-day period, the
stored activity counts were downloaded to a computer
using the same Actiview software for subsequent analy-
sis. The study was completed during the winter period to
minimize the physical activity changes due to alteration
of season.
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Figure 1. The accelerometer mounted on the dominant
wrist.
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The MLTPAQ surveys participation in 63 sports, rec-
reational, yard and household activities [14]. The par-
ticipants were interviewed and asked to report the
frequency and duration of the activities listed in the
questionnaire performed in the past 12 months. Activity
metabolic index (AMI) scores were computed to repre-
sent each subject’s physical activity level. The weekly
average AMI for each subject was computed using the
following formula [15]:
Intensity code × duration (in minutes)
× frequency of each activity/month
× number of months/year ÷ 52 weeks
The MLTPAQ was employed in this study as its valid-
ity had been confirmed in previous investigations [16,17].
An association has been demonstrated between calo-
rimetry results and MLTPAQ scores (r = 0.4), as well as
between heart rate measurements and MLTPAQ results
(r = 0.46) [16]. Moderate association has also been found
between peak VO2 and MLTPAQ scores (r = 0.47) [17].
Procedures
Reliability tests
Among the 28 elderly subjects, 12 (mean age, 79.8 ± 11.2
years) participated in the test–retest reliability check.
They were instructed to wear the accelerometer for two
periods of 3 consecutive days. The activity count of the
first 3-day period was recorded as period 1, and the sub-
jects were then instructed to wear the accelerometer on
the same days of the following week. The activity count
of the second period was recorded as period 2.
Sensitivity testing
The entire subject population was divided into three
groups, i.e. young adults, active elderly and sedentary
elderly, according to their age and mobility status. The
age of the young adult group ranged from 18 to 23 years.
The elderly, all aged above 60, were divided into active
and sedentary groups based on their mobility status.
Members of the active group could walk out of doors
independently, while the sedentary were all bed-bound
or chair-bound. The activity counts among the three
groups were compared to determine the sensitivity of the
accelerometer in measuring the physical activity level.
Correlation
Among the elderly participants, 19 (mean age, 76.6±11.5
years) were interviewed using the MLTPAQ. The acceler-
ometer and MLTPAQ results were then correlated.
Data analysis
Statistical analyses were performed using SPSS version
14.0 (SPSS Inc., Chicago, IL, USA). The test–retest reli-
ability of the accelerometer was determined by calculat-
ing the intraclass correlation coefficient (ICC) between
the activity counts of period 1 and period 2. The activity
counts among the three groups were compared to deter-
mine the sensitivity of the accelerometer using one-way
ANOVA. Correlation between the accelerometer and the
MLTPAQ results was investigated by calculating Pearson’s
correlation coefficient. A significance level (α) of 0.05
was chosen for the statistical comparisons.
Results
Reliability
Twelve elderly subjects completed this part of the study.
The activity counts for the two 3-day periods were com-
pared. The mean activity counts for period 1 and period 2
were 67.1 ± 48.5 counts/minute and 64.7 ± 52.2 counts/
minute, respectively. The ICC was found to be 0.978
(confidence interval, 0.925–0.994). So the accelerome-
try system could be described as reliable and consistent
for measuring the physical activity level of Chinese 
elderly.
Sensitivity
The activity counts of 31 subjects were analysed to de-
termine the sensitivity of the accelerometer. The Table
shows a comparison of age, height, weight and sex among
the three groups. One-way ANOVA showed statistically
significant differences between the young adults and the
Table. Comparison of age, height, weight and sex among the young, active elderly and sedentary elderly subjects*
Young subjects Active elderly subjects Sedentary elderly subjects 
p
(n = 10) (n = 10) (n = 11)
Age (yr) 20.6 ± 1.4 72.1 ± 8.2‡ 80.6 ± 12.8‡ 0.000†
Height (m) 1.67 ± 0.10 1.57 ± 0.08§ 1.52 ± 0.09‡ 0.000†
Weight (kg) 55.8 ± 9.3 60.1 ± 8.5 54.3 ± 9.6 0.123
Sex (M/F) 4/6 4/6 4/7 0.980
*Data are presented as mean ± standard deviation; †p < 0.001 using one-way ANOVA; ‡p < 0.001 between the young and elderly sub-
jects by post hoc analysis using Bonferroni adjustment; §p < 0.05 between the young and active elderly subjects by post hoc analysis
using Bonferroni adjustment. M = male; F = female.
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two elderly groups in age and height, but no significant
differences between the two elderly groups. There were
no statistically significant differences in weight and sex
among the three groups (Table).
The one-way ANOVA confirmed that the Actiwatch
accelerometry system was able to detect significant dif-
ferences in the activity counts among the three groups
(p < 0.001). Post hoc analysis using Bonferroni adjust-
ment indicated that the sedentary elderly subjects had
significantly lower activity counts (23.76 ± 36.22 counts/
minute; Figure 2) than both the young adults (155.03 ±
38.95 counts/minute; p < 0.001) and the active elderly
subjects (113.87 ± 67.07 counts/minute; p = 0.001). How-
ever, the activity counts of the young adults and active
elderly did not differ significantly from each other
(p = 0.212).
Correlation
Nineteen elderly subjects completed the MLTPAQ. The
mean activity count of the 19 subjects was 66.67 ±
69.33 counts/minute and their mean AMI score was
1,773.5 ± 2,062.1 AMI/week. Pearson’s correlation be-
tween the activity counts and AMI scores was r =
0.830 with p < 0.001 (Figure 3). So, the accelerometry
system gave results that were positively and satisfactorily
correlated with a commonly used self-reporting ques-
tionnaire, the MLTPAQ.
Discussion
A desirable objective assessment tool for the elderly
should be convenient, simple and easy to apply. A new
tool for measuring the physical activity level of the el-
derly needs to be highly reliable, and validity is essential.
Previous studies of accelerometry generally showed
moderate to high test–retest reliability (ICC, 0.73–0.97)
[8,18–20]. However, the subjects involved in these stud-
ies were not specifically elderly adults. Even in the one
previous study of accelerometry for the elderly, four
healthy younger volunteers (mean age, 42 years) were
recruited for the test–retest reliability investigation [8].
Prior to the present study, the reliability of using accel-
erometry with an aged population was still unclear.
This study has shown that the accelerometry system
had high test–retest reliability when applied to elderly
subjects (ICC, 0.978). This was probably because the
test–retest time was the same weekdays of 2 consecutive
weeks. The physical activities performed by the subjects
in these two periods would probably be similar. More-
over, the instructions given to the subjects were stan-
dardized. The subjects were advised to perform their
daily activities as usual and to try not to pay too much
attention to the accelerometer. As a result, the possible
errors induced by the subjects were minimized, and this
may have given rise to the highly reliable findings for
the accelerometry system.
The purpose of performing the sensitivity test was to
study whether the accelerometry system could differen-
tiate high, medium and low physical activity levels from
one another. Young adults were recruited to represent
the high activity level group, while the active and the
sedentary elderly subjects represented medium and low
activity levels, respectively.
One-way ANOVA showed that the accelerometry
system was able to differentiate the physical activity
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Figure 2. Activity counts among young adults, active elderly and sedentary elderly subjects. *p<0.05 between the young
adults, active elderly and sedentary elderly subjects, as determined by post hoc analysis using Bonferroni adjustment.
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Figure 3. Activity metabolic index (AMI) scores and activity
counts from accelerometry.
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levels of the sedentary elderly from those of the active
elderly group. This suggests that the system was sensi-
tive enough to pick up differences in physical activity
among the elderly. This result agreed with those of a
previous validity study of accelerometer with elderly
subjects [8]. That previous study used another accel-
erometry system, the Tritrac, and was able to detect sig-
nificant differences among the physical activity levels of
sedentary, moderately active and active elderly groups
[13,19]. However, a post hoc comparison of between-
group differences was not performed, so the differences
among the three groups could not be identified.
There was no significant difference in average activity
counts between the young adults and the active elderly
in the present study. There are two possible explanations.
First, the sample size may not have been large enough
to give a significant result. The power of the design was
0.39 with 10 subjects in each group. It would have re-
quired a sample with 28 subjects in each group to detect
a statistically significant difference with α = 0.05 and
power of 0.8. Further, the physical activity levels of the
active elderly group may simply have been high and
comparable to those of the young subjects. A recent sur-
vey by the Hospital Authority of Hong Kong studied the
exercise habits of Hong Kong citizens and found that
the elderly had more regular exercise than other adults
[21]. The study showed that the proportion of the elderly
engaging in exercise, including Tai Chi, qigong, jogging
and swimming, for more than 30 minutes, three or more
times per week, was twice that of younger adults. How-
ever, this survey did not objectively monitor the inten-
sity of their exercise; it is, therefore, too early to draw a
conclusion about the physical activity level of these two
age groups.
The statistical result showed a moderate but sig-
nificant correlation between the accelerometry results
and MLTPAQ scores (r = 0.830). However, another study
of the relationship between accelerometry and the
MLTPAQ showed a weak correlation with r = 0.23 [17].
The investigators recruited adults (aged 20–59 years) 
as the subjects, and they wore the accelerometer for 
2 days only. Two days may not be enough to represent
an adult’s lifestyle or a year’s exercise habits, since these
may vary a lot in younger adults. The activity patterns
of the elderly, in contrast, may be quite stable through-
out the whole year, and if so, this may have contributed
to the moderate correlation found in this study.
Further improvement could be made in the correla-
tion test if the following factors are also taken into con-
sideration. First, the content of the questionnaire may
not suit the lifestyle of people in Hong Kong; for exam-
ple, horseback riding, lawn and garden activities were
all items in the questionnaire, whereas Tai Chi practice,
for example, is popular among Hong Kong’s elderly.
Secondly, the MLTPAQ required the subjects to recall
the previous 1 year of activity. Recall bias may be a factor
affecting the result. Also, the period of wearing the
accelerometer may have affected the correlation results.
For example, some of the subjects wore the accelerom-
eter from Monday to Wednesday, but they might have
their sport activities on the weekend. In addition, some
of the subjects might practice particular activities in a
particular season, such as swimming in summer, but
this could not be detected by the accelerometry system.
MLTPAQ is 1-year based, while the accelerometry sys-
tem was worn for several days only. Therefore, a longer
period is suggested for further studies to represent a
year’s activity level.
Accelerometry can seemingly provide an objective
assessment to quantify the physical activity levels of the
elderly. However, several limitations require further im-
provement of the system. It is still not clear where the
accelerometer should be placed to produce an accurate
recording of the activity level of the whole body. There
may well be over- or underestimation with the accel-
erometer mounted around the wrist, hip or waist [4].
The dominant wrist position was chosen in this study,
because Chinese subjects use chopsticks to dine, which
involves more activity of one hand than the other.
Another limitation of accelerometry is its inability to
adequately represent relatively static physical activities
like weight lifting [2]. Despite these limitations, the
accelerometry system tested in this study was found to
be reliable, sensitive enough to differentiate the active
elderly from sedentary elderly subjects, and moderately
correlated with a commonly used questionnaire.
Further effort should be directed towards assessing
the differences in physical activity counts generated by
wearing accelerometers on the upper limbs, lower limbs
and trunk, in order to determine which body part is the
most suitable site to represent whole body activity.
Conclusion
The accelerometry system was a reliable, objective tool for
assessing the physical activity level of the elderly, and sen-
sitive enough to differentiate active from sedentary elderly
subjects. The accelerometry results and MLTPAQ scores
were satisfactorily correlated. The combined findings indi-
cated that the Actiwatch can be used as an objective tool
to quantify the physical activity level of older subjects.
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